Two experiments were completed to determine the effects of diet mix uniformity and ractopamine HCl on finishing pig performance. In Exp. 1, a total of 200 pigs (BW = 90 kg) were used in a 33-d growth assay arranged in a randomized complete block design with 5 pigs/pen and 8 pens/treatment. Treatments were a corn-soybean meal-based control diet mixed for 360 s or the mixed control diet with 10 mg/kg ractopamine added before additional mixing for 0, 30, 120, or 360 s. Chromium was added to the diet and analyzed to determine mix uniformity of the ractopamine. Therefore, this experiment was designed to determine the effects of nutrient utilization from a thoroughly mixed diet with a potentially nonuniform distribution of ractopamine. Pigs fed diets with ractopamine had greater (P < 0.05) ADG, G:F, final BW, HCW, dressing percentage, loin depth, and percentage carcass lean with lower (P = 0.005) 10th rib backfat thickness. Increasing mix time from 0 to 360 s decreased (quadratic, P = 0.001) CV for Cr from 67 to 12% but had no effect on the response to ractopamine for any growth or carcass measurements. In Exp. 2, a total of 160 pigs (BW = 93 kg) were used in
INTRODUCTION
The goal of mixing a diet is to ensure that each animal receives the intended daily intake of nutrients (Pfost, 1976) . Pfost proposed that a diet should be mixed long enough to ensure a CV of 10% for the concentration of salt in 10 random samples taken from the batch of feed; however, McCoy et al. (1994) reported no effects of mix time on growth performance, carcass characteristics, or bone breaking strength with CV of 43% for salt, 50% for red iron particles, 48% for blue iron particles, and 50% for Cr. When formulating the diet to 80% of the NRC (1984) recommendations, these authors reported that CV of 12% for salt, 17% for iron particles, and 23% for sodium were sufficient Treatments were a corn-soybean meal-based control diet mixed for 360 s or the control diet with 10 mg/ kg ractopamine mixed for 0, 30, 120, or 360 s. Diet mix uniformity was determined by measuring Cr and using Quantab Cl titrators (low range 0.005 to 0.1% as NaCl; Environmental Test Systems Inc., Elkhart, IN) to measure the concentration of salt. This experiment was designed to determine the combined effects of potentially nonuniform distribution of both nutrients and ractopamine. The use of ractopamine increased (P < 0.05) ADG, G:F, final BW, HCW, dressing percentage, percentage lean, and loin depth. Increasing mix times from 0 to 360 s decreased (quadratic, P = 0.050) CV for salt and Cr from 51 to 12% and 51 to 15%, respectively, with no effect on ADG, ADFI, final BW CV, HCW, dressing percentage, backfat thickness, loin depth, or percentage carcass lean; however, G:F tended to increase (linear, P = 0.07) as mix time increased from 0 to 360 s. In conclusion, increasing mix time of diets from 0 to 360 s did not affect the response of finishing pigs to ractopamine.
to maximize performance of broilers. Furthermore, Traylor et al. (1994) reported no effects on growth performance, carcass characteristics, or bone strength in finishing pigs fed diets with CV for salt of 40 to 50% and reported only a minor decrease in growth performance of nursery pigs fed diets with CV for Cr of up to 28%. Groesbeck et al. (2007) , however, suggested that proper mixing was more important when ingredients with low inclusion levels were added to the diet Ractopamine HCl is added to finishing pig diets to improve growth performance and carcass leanness. A low inclusion level of only 5 to 10 mg/kg of ractopamine for the last 20 to 40 kg of gain is recommended by the manufacturer. To obtain maximum performance in pigs consuming diets with ractopamine, it is commonly understood that dietary factors such as the concentration of protein and AA should be optimized to support performance. Diet mixing time when ractopamine is included in diet formulation has not been addressed, but the ingredient label states that ractopamine HCl "must be thoroughly mixed into feeds before use." Therefore, our objective was to define a thoroughly mixed diet based on finishing pig performance and carcass characteristics.
MATERIALS AND METHODS

General
This experimental protocol was approved by the Kansas State University Institutional Animal Care and Use Committee.
All diets were mixed in a 1,360-kg-capacity horizontal ribbon mixer (DS30; Davis and Sons Manufacturing Company, Bonner Springs, KS) at the Kansas State University Animal Science Feed Mill, Manhattan, KS). Batch size was 907 kg, and batches were mixed separately. Mix times were the amount of time the mixer was turned on before opening the discharge gate. The mixer discharge time is approximately 60 to 100 s. After mix times were completed, the feed was discharged via a 2.5-m-long screw conveyor, dropped into a bucket elevator, elevated 29.5 m, and dropped 11 m into a bin. The feed was then carried 11 m horizontally via a roundbottom conveyor and dropped 13 m into a surge bin to be bagged. Each bag of feed was labeled, and a sample was collected from every fourth bag (a total of 10) as the feed was added to individual feeders.
Pigs and feeders were weighed at d 0 and the final day of the growth assay to calculate ADG, ADFI, and G:F. Individual BW within pen was used to calculate pen initial and final BW CV as a measure of BW variation within pen. The pigs were tattooed and shipped to a commercial abattoir (Farmland Foods, Inc., Crete, NE) 
Experiment 1
Two hundred finishing pigs (TR4 × PIC 1050; initial BW = 90 kg) were used in a 33-d growth assay to determine the effects of mix time of diets with ractopamine HCl (Paylean; Elanco Animal Health, Greenfield, IN) on growth performance. The pigs were weighed, blocked by BW, and allotted to pens based on sex and ancestry. Pens had concrete slatted flooring and were 2.44 × 1.53 m. Each pen had a nipple waterer and single-hole self-feeder to allow ad libitum consumption of feed and water. There were a total of 40 pens, with 5 pigs per pen and 8 pens per treatment.
All diets (Table 1) were formulated to 16% CP, 0.89% standardized ileal digestible Lys, 0.65% Ca, and 0.56% total P and to meet or exceed all other nutrient requirements suggested by the NRC (1998) for 80-to 120-kg pigs. To prepare the diets, the major ingredients (corn and soybean meal) were augured into the stopped mixer, the microingredients (monocalcium phosphate, limestone, synthetic AA, salt, vitamins, and minerals) were added, and the complete diet was mixed for 360 s. This process was completed separately for each treatment.
The control diet did not contain ractopamine and was sacked after the initial 360-s mix. The other treatments contained 10 mg/kg of ractopamine and 0.5% chromic oxide (indigestible marker); after these were added as the final ingredients into the mixer, the diet was mixed for an additional 0, 30, 120, or 360 s. Chromium concentrations were determined using the procedures of Williams et al. (1962) and an atomic absorption spectrophotometer (model 3110; PerkinElmer, Inc., Norwalk, CT) and analyzed to estimate mix uniformity of the ractopamine. Chromic oxide was added to the diet with ractopamine and used to estimate ractopamine's uniformity instead of other markers to prevent confounding nutritional effects. Chromic oxide has been demonstrated to be an indigestible marker (Schürch et al., 1952) . In addition, the use of chromic oxide as a justifiable indicator of mix uniformity was validated in Exp. 2. A CV was calculated by expressing the SD for Cr concentration in the 10 samples as a percentage of the grand mean.
All data were analyzed as a randomized complete block design using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Pen was the experimental unit, with the shape of the response to increasing mix time characterized using polynomial regression for unequally spaced treatments. For analysis of final BW CV, initial BW CV was used as a covariate.
Experiment 2
One hundred sixty finishing pigs (TR4 × PIC 1050; initial BW = 93 kg) were used in a 27-d growth assay. The pigs were weighed and allotted to pens based on weight, sex, and ancestry when moved into the finishing barn. Pens of pigs were randomly assigned to treatments on d 0 of the experiment. Pigs were housed in pens with concrete slatted flooring that were 1.22 × 1.53 m and contained 1 nipple waterer and a singlehole self-feeder to allow ad libitum consumption of feed and water. There were a total of 80 pens, with 2 pigs per pen and 16 pens per treatment.
All diets (Table 1) were formulated to 16% CP, 1.01% total Lys, 0.65% Ca, and 0.56% total P and to meet or exceed all other nutrient requirements suggested by the NRC (1998) for 80-to 120-kg pigs. To prepare the diets, the major ingredients (corn and soybean meal) were augured into the stopped mixer, the microingredients (monocalcium phosphate, limestone, synthetic AA, salt, vitamins, and minerals) were added, and the complete diet was mixed for the respective treatment times.
The control diet did not contain ractopamine and was sacked after this initial 360-s mix. The other treatments were formed by adding 10 mg/kg of ractopamine and mixing for 0, 30, 120, or 360 s. In contrast with Exp. 1, mix uniformity was estimated using Quantab Cl titrators (low range 0.005 to 0.1% as NaCl; Environmental Test Systems Inc., Elkhart, IN) to measure the concentration of salt and Cr concentrations were determined using the procedures of Williams et al. (1962) and an atomic absorption spectrophotometer (model 3110; PerkinElmer, Inc.).
All data were analyzed as a completely randomized design using the MIXED procedure of SAS (SAS Inst. Inc.). Pen was the experimental unit, and initial BW was used as a covariate with the shape of the response to increasing mix time characterized using polynomial regression for unequally spaced treatments. For analysis of final BW CV, initial BW CV was used as a covariate.
RESULTS AND DISCUSSION
Experiment 1
As additional mix time increased from 0 to 360 s, CV for Cr decreased (quadratic, P = 0.001) from 67 to 12% (Table 2 ). The majority of this improvement in uniformity occurred during the first 30 s of mixing, with CV dropping from 67 to 37%; additional mixing decreased the CV to only 12% after 360 s. The use of Cr as a marker for estimation of mix uniformity was validated in Exp. 2.
Pigs fed diets with ractopamine HCl had greater (P < 0.05) ADG and G:F and a decreased (P = 0.001) ADFI compared with pigs fed the control diet (Table 2) , which is similar to results observed by others. Crome et al. (1996) found an improvement in ADG and G:F and a decrease in ADFI when pigs were fed diets with ractopamine from 85 to 125 kg BW, and Armstrong et al. (2004) reported an improvement in G:F when feeding diets with 10 mg/kg ractopamine for 34 d. Apple et al. (2007) summarized 23 publications determining the effects of ractopamine on growth performance and carcass characteristics of finishing pigs. They concluded that adding 10 mg/kg ractopamine to finishing pig diets resulted in a 2.4 kg, 0.6%, and 3.5 cm 2 average increase in HCW, dressing percentage, and LM area, respectively, and a 1.4-mm reduction in 10th-rib fat depth. In the experiment conducted herein, improvements in HCW and dressing percentage ranged from 2.3 to 4.6 kg and 0.71 to 1.39%, respectively; therefore, the observed improvements were similar to or greater than the average improvement reported by Apple et al. (2007) . In Exp. 1, backfat thickness was reduced from 3.5 to 1.3 mm; therefore, the reductions in backfat thickness due to addition of ractopamine were similar to or greater than values reported by Apple et al. (2007) . The authors also observed an increase in LM area and fat-free lean in pigs fed ractopamine diets (Apple et al., 2007) . Similarly, ractopamine diets in the present study increased loin depth and fat-free lean.
Increasing mix time of diets after the addition of ractopamine had no effect on ADG, ADFI, G:F, and final BW CV, even though CV improved linearly. Traylor et al. (1994) reported no differences in growth performance of finishing pigs fed diets when mix time increased from 0 (CV for salt at 54) to 4 min (CV for salt at 9.6%); furthermore, increasing mix time from 0 to 360 s in our study yielded no differences in HCW or loin depth. A tendency for a quadratic response was observed (P < 0.083) for backfat thickness and dressing percentage, but these effects did not indicate a positive effect of increased mix time.
Experiment 2
The resulting CV for salt (Table 3) decreased (quadratic, P = 0.050) from 51 to 12% as mix time increased from 0 to 360 s. The lowest CV for a diet with ractopamine was 12% with 360 s of mixing, which compares favorably with the CV for the control (without ractopamine), also mixed for 360 s. Resulting CV for Cr decreased (linear, P = 0.014, and quadratic, P = 0.055) from 51 to 15% as mix time increased from 0 to 360 s. The lowest CV for a diet with ractopamine was 15% with 360 s of mixing, which compares favorably with the CV for the control (without ractopamine), also mixed for 360 s. Clark et al. (2007) previously determined that salt could be used as a marker to measure mixing uniformity. In the experiments conducted herein, salt and Cr provided similar responses to mixing time. This similarity validates the use of Cr as a marker for mix uniformity.
As in Exp. 1, pigs fed diets with ractopamine had greater (P < 0.05) ADG and G:F (Table 3) , which is in agreement with the work of Armstrong et al. (2004) and Marchant-Forde et al. (2003) , who fed 10 mg/kg of ractopamine. Also, as in Exp 1, pigs fed diets with ractopamine had greater (P < 0.05) HCW, dressing percentage, loin depth, and percentage fat-free lean. These results agree with those of Crome et al. (1996) , Armstrong et al. (2004) , Carr et al. (2009), and Kutzler et al. (2010) , who also have shown positive effects on carcass merit with feeding pigs ractopamine. Backfat thickness tended to decrease (P = 0.070) among pigs fed ractopamine compared with the control. The 7% reduction in backfat thickness for pigs fed racto- pamine does support the generally positive effects of ractopamine on growth performance and carcass merit in our experiments. Therefore, in both of our experiments, ractopamine had the expected effects on growth performance and carcass merit, leaving only the question of whether these responses were affected by increasing mix times for the diets. As in Exp. 1, the majority of improvement in diet uniformity was achieved in the first 30 s of mixing, with CV dropping from 51 to 19% and an additional 330 s of mix time needed to further decrease the CV to 12%. Traylor et al. (1994) reported similar results, with CV for salt decreasing from 54 to 15% for the first 30 s of mixing and an additional 210 s of mixing required to further decrease the CV to 10%. Increasing mix time of diets with ractopamine from 0 to 360 s had no effect on ADG, ADFI, and final BW CV; however, a trend was observed for an improvement (linear, P = 0.075) in G:F, with a 5% increase in G:F as mix time increased from 0 to 120 s (CV from 51 to 13%). Similarly, Traylor et al. (1994) reported no improvements in growth performance with a decrease in diet CV, but the authors observed a 5% numerical increase in G:F as mix time increased from 0 to 30 s (CV from 54 and 15%).
Carcass characteristics did not differ when mix time increased from 0 to 360 s. In contrast to the current experiment, Traylor et al. (1994) reported an improvement in backfat thickness as salt CV decreased from 54 to 15%.
In conclusion, adding 10 mg/kg ractopamine HCl to diets for finishing pigs resulted in improved ADG, G:F, HCW, dressing percentage, loin depth, and percentage fat-free lean in both of our experiments. Increasing mix times from 0 to 360 s reduced the CV for Cr (Exp. 1) from 67 to 12% and the CV for salt and Cr (Exp. 2) from 51 to 12% and 51 to 15%, respectively. These decreases in CV had no effect on growth performance, within-pen BW variability, or carcass measurements; however, in Exp. 2, a mix time of 120 s for the complete diet and ractopamine (CV of 15%) resulted in the greatest numerical G:F. 3 Average CV for salt and Cr concentration was determined from 2 batches/treatment, 10 samples/batch, and samples taken from every fourth bag. 4 Initial BW used as a covariate.
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